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ABSTRACT 

I The Navigation S a t e l l i t e  of the  1970-1980 time per iod can be 
expected t o  be an e n t i r e l y  d i f f e ren t  spacecraf t  than t h e  present ly  
opera t iona l  Navigation S a t e l l i t e s  of the  U.S. Navy. The present  
day Navigation S a t e l l i t e  is  capable of providing only one function- 
pos i t i on  determination serv ices  f o r  ships .  The Navigation S a t e l l i t e  
of t h e  fu ture  w i l l  provide a number of se rv ices  f o r  sh ips ,  a i r c r a f t  
( inc luding  the  supersonic t r anspor t )  and o the r  advanced types of i n t e r -  
con t inen ta l  t r anspor t a t ion  vehicles ,  such as ground e f f e c t  machines and 
hydrofo i l  boats.  These serv ices  w i l l  be: c ra f t - to-craf t  communications, 
passenger telephone se rv ice  t o  shore from commercial sh ips  and a i r c r a f t ,  
voice and da ta  t ransmissions between sh ip  and a i r c r a f t  company business  
o f f i c e s  and t h e i r  c r a f t  anywhere i n  t he  world, high pos i t i on  accuracy 
t o  permit reductions i n  t h e  a i r c r a f t  separat ion s tandards and reduce 
mid a i r  and ocean c o l l i s i o n s ,  a r e l i a b l e  s o l a r  r ad ia t ion  warning f o r  
SST type a i r c r a f t ,  up t o  date weather and s e a  s t a t e  repor t s  t o  sh ips  
and a i r c r a f t  f o r  improved comfort of t r a v e l ,  and en route  monitoring 
of s p e c i f i c  a i r c r a f t  subsystems (engine performance, wing stress, e t c .  
f o r  r e l ay  t o  a ground s t a t i o n  t o  de tec t  malfunctions. 

This sa te l l i t e  w i l l  be capable of providing o ther  p r a c t i c a l  s e rv i ces  
t o  mankind during the  1970-1980's. It w i l l  provide search and rescue 
agencies with highly accurate  loca t ions  of sh ips  i n  d i s t r e s s ,  di tched 
a i r c r a f t ,  l i f e b o a t s ,  and exploration p a r t i e s  who may need ass i s tance .  
It w i l l  be capable of providing s c i e n t i s t s  w i t h  information on t h e  
migratory behavior of many types o f  land and s e a  animals, l a rge  f i s h e s ,  
and l a rge  birds.  
cause f r e e  d r i f t i n g  bal loons and ocean buoys containing s c i e n t i f i c  
instruments can be loca ted  and t h e i r  data returned t o  land within 
minutes. 

Meteorologists and oceanographers w i l l  bene f i t  be- 



INTRODUCTION 

The Navigation S a t e l l i t e  of t h e  1970-1.980 w i l l  be d i f f e r e n t  i n  appear- 
ance and i n  mission objec t ives  from t h e  one p resen t ly  i n  opera t iona l  
usage by t h e  United S t a t e s  Navy fo r  m i l i t a r y  ships .  It w i l l  a l s o  be 
r a d i c a l l y  d i f f e r e n t  from t h e  Navigation S a t e l l i t e  envisaged by the  
l e c t u r e r  and sc ience  f i c t i o n  w r i t e r  of  t h e  19th  century - Edward E. Hale. 
Hale i n  1873 i n  a book e n t i t l e d  "The Brick Moon" 
t i o n  system composed, of four  200 foot  diameter s p h e r i c a l  sa te l l i tes  
placed i n t o  4,205 m i l e ,  po l a r  o rb i t s .  
pass  over Greenwich, England and two over New Orleans,  Louisiana. 
p r i n c i p l e  employed by t h i s  system was t o  have an objec t  i n  t h e  sky whose 
o r b i t a l  path w a s  known. By measuring t h e  a l t i t u d e  of t he  sa te l l i t e  above 
t h e  horizon,  a naviga tor  could determine h i s  longi tude.  La t i tude  would 
be found by determining the  h e i g h t  of the  North s ta r  above t h e  horizon. 
O f  course the i d e a  of ob ta in ing  longitude v i a  t h i s  concept w a s  imprac t ica l ,  
we now know, because E a r t h  s a t e l l i t e  o r b i t s  change with time and so they 
would not  pass  over t h e  desired c i t i e s .  

descr ibed a naviga- 

Two of t h e  satel l i tes  were t o  
The 

A Navigation S a t e l l i t e  d id  become a r e a l i t y  when t h e  U.S. Navy success- 
f u l l y  placed i n t o  an Earth orbi t  t h e  Trans i t  s a t e l l i t e s .  The Navy 
S a t e l l i t e  System 2, as it i s  now c a l l e d ,  has one b a s i c  job t o  do - t o  
provide sh ips  of t h e  f l e e t  with high accuracy pos i t i on  f i x e s  and i n  such 
a way t h a t  no one else can t e l l  where t h e  sh ips  a r e  located.  The job 
i s  done superbly.  Pos i t ion  accuracies  of 0.1 n a u t i c a l  m i l e  have been 
quoted. To achieve such prec is ion ,  l a r g e  computers a r e  employed, a s h i p  
i n e r t i a l  system supplying ve loc i ty  information i s  requi red ,  and 6-8 
minutes of s a t e l l i t e  doppler da ta  a r e  obtained and in t eg ra t ed  by the  
computer. 

The Navigation S a t e l l i t e ,  as used i n  t h i s  paper ,  w i l l  denote a space- 
c r a f t  whose mission i s  t o  provide "useful" s e rv i ces  during movements of 
manned o r  unmanned t e r r e s t r i a l  based vehic les  o r  ob jec t s  from one poin t  
t o  another.  These se rv ices  a re  those t h a t  w i l l  make t h e  t r a v e l  more 
economical, safer, and w i t h  increased comfort. To meet t hese  objec t ives  
t h e  s a t e l l i t e  w i l l  contain a pos i t ion  determination c a p a b i l i t y ,  communi- 
ca t ions  s e r v i c e ,  weather r e l a y  se rv ice ,  and s c i e n t i f i c  sensors.  Before 
going i n t o  t h e  detai ls  of t h e  p o t e n t i a l  s e rv i ces  which t h e  s a t e l l i t e  
may provide t o  American and world t r a v e l l e r s ,  business  men and s c i e n t i s t s ,  
a b r i e f  in t roduct ion  of w h a t  the  f u t u r e  Navigation S a t e l l i t e  might look 
l i k e  i s  i n  order.  

- 1/ Number i n d i c a t e s  Reference l i s t e d  a t  end  of paper 



SATELLITE DESCRIPTION 

The Navigation S a t e l l i t e  of t he  fu ture  w i l l  be a large s i zed  spacecraf t  
when compared t o  our present  140 pound, Scout launched m i l i t a r y  navigation 
s a t e l l i t e ,  shown i n  Figure 1. 
and be launched by an Atlas Centaur type vehicle .  
one s a t e l l i t e ,  but  two o r  t h ree  t o t a l l i n g  t o  t h a t  weight. 
of t h e  number of s a t e l l i t e s  i s  dependent on the  p a r t i c u l a r  systems concept 
se lec ted .  
data t ransmission needs. This frequency w i l l  be used -because of t h e  increased 
usage and l imi t ed  spectrum a v a i l a b i l i t y  of the  present ly  designated VHF band. 
UHF w i l l  allow wider bandwidths, non-interference w i t h  e x i s t i n g  VHF ground 
f a c i l i t i e s  and high gain s a t e l l i t e  antennas. The transponder w i l l  be s i zed  
t o  handle the  hundreds of a i r c r a f t ,  the  thousands of sh ips  and innumerable 
o t h e r  u se r s  t h a t  w i l l  be equipped t o  operate w i t h  t he  satel l i te .  The t rans-  
ponder w i l l  be designed t o  have a mult iple  access capabi l i ty .  The transponder 
w i l l  employ e i t h e r  frequency o r  t i m e  d ivis ion multiplexing. This w i l l  allow 
many users  t o  operate through t h e  transponder. To provide t h e  communications 
and data t r a n s f e r  s e rv i ces  a high gain spacecraf t  antenna w i l l  be employed 
having about 16-20 db gain at UHF. 
axis g r a v i t y  grad ien t  subsystem t o  be demonstrated on the  NASA ATS-D s a t e l l i t e ,  
shown i n  Figure 2 ,  which i s  scheduled t o  f l y  i n  1968, o r  an ac t ive  type 
con t ro l  subsystem used on t h e  Nimbus 2 s a t e l l i t e  , t o  keep t h e  antenna d i r ec t ed  
toward the Earth at a l l  times. So la r  c e l l s  w i l l  s t i l l  be used t o  provide t h e  
500-700 w a t t s  of RF power needed f o r  the  e l e c t r i c a l  system. Chemical ba t t e r -  
i e s  w i l l  be employed f o r  the  peak power needs and during t h e  n ight  o r  s o l a r  
e c l i p s e  per iods.  The use of nuclear  isotope power may be used i f  i t s  develop- 
ment has proven t o  be economical. 

The s a t e l l i t e  w i l l  weigh close t o  1000 pounds 
It may tu rn  out not t o  be 

The determination 

A UIIF type transponder w i l l  be employed t o  provide the  voice and 

S a t e l l i t e  s t a b i l i z a t i o n  w i l l  be a three-  

ORBITS 

When d iscuss ing  Navigation S a t e l l i t e  Systems one must t a l k  about t he  most 
usefu l  o r b i t  fo,r such s a t e l l i t e s .  There are an i n f i n i t e  v a r i e t y  of o r b i t  
p o s s i b i l i t i e s .  
t o  t he  equator .  
f o r  t h e s e  s a t e l l i t e s .  For the  serv ices  t o  be out l ined  la te r  it i s  desired 
t o  have t h e  s a t e l l i t e  continuously within view of a l l ,  o r  almost a l l ,  p o t e n t i a l  
users  of the  s a t e l l i t e ,  and t o  have r e l a t i v e l y  simple and low cost  user  re- 
ce iv ing  antennas and e lec t ronics .  This need j u s t  about precludes consider- 
a t ion  of any but  the  s t a t iona ry  o r b i t  s a t e l l i t e s  loca ted  22,300 miles above 
t h e  equator .  Dependent upon t h e  pos i t ion  technique used, 3-6 - s a t e l l i t e s  a t  
t h e  synchronous a l t i t u d e  would provide continuous g loba l  s e rv i ces  from 70' S 
t o  70' N l a t i t u d e s .  A s i n g l e  s a t e l l i t e  navigation system could se rv ice  the  
t o t a l  nor th  and south At l an t i c  Ocean region. 
coverage ava i l ab le  from one synchronous a l t i t u d e  s a t e l l i t e .  

The Navy's system uses 600 nm c i r c u l a r  o r b i t s ,  i nc l ined  90' 
Non-directive antennas on board t h e  c r a f t  must be employed 

Figure 3 i nd ica t e s  t he  region of 
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Now t h a t  t h e  s a t e l l i t e  and i t s  o r b i t  have been ou t l ined ,  the applica- 
t i o n s  of  t h e  s a t e l l i t e  w i l l  be discussed. 

POSITION DETERMINATION SERVICE 

The Navigation S a t e l l i t e  w i l l  be f i r s t  of a l l  capable of providing high 
accuracy pos i t i on  determination serv ices  t o  c r a f t ,  t o  people and t o  shore 
s t a t i o n s .  
tude  va lues  i n  t e r r e s t r i a l  coordinates  with an accuracy of 1 mile o r  
b e t t e r ,  dependent on t h e i r  needs and the amount of money they are pre- 
pared t o  pay f o r  soph i s t i ca t ed  equipment. 
f i x  i s  dependent once a g a i n  on t h e  needs of t h e  c r a f t .  
about once pe r  5 minutes; supersonic  a i r c r a f t ,  once pe r  minute; ground 
e f f e c t  machines and hydrofo i l  boat  passenger c r a f t ,  once pe r  hour; and 
f r e i g h t e r s  and conventional passenger l i n e r s ,  once every 3-4 hours. 
p o s i t i o n  information w i l l  be provided automatical ly  i n t o  the p i l o t ' s  
compartment. The complete pos i t i on  determination sequence i s  handled 
au tomat ica l ly  via ground s t a t i o n  computers. These computers have s t o r e d  
information as t o  c r a f t  code name and frequency of f i x .  No ac t ion  need 
be taken by t h e  c r a f t ,  unless  a more frequent pos i t i on  reading i s  needed 
or  unless  an emergency occurs and t h e  c r a f t ' s  pos i t i on  i s  needed by shore 
s t a t i o n s .  A review of var ious Navigation S a t e l l i t e  pos i t i on  determination 
techniques i s  contained i n  reference 3. 

t 

A i r c r a f t  and sh ips  w i l l  be provided t h e i r  l a t i t u d e  and longi- 

The frequency of t h e  pos i t i on  
Subsonic a i r c r a f t ,  

The 

What b e n e f i t s  are der ived i f  the  above se rv ice  could be provided? 

The Maritime Administration and advanced th inke r s  i n  t h e  shipping f i e l d  
have been looking t o  the  day of t he  automated ship.  This i s  t h e  s h i p  that  
w i l l  l eave  a po r t  i n  t he  United S t a t e s  with a crew cons i s t ing  of a hand- 
ful of men, pr imar i ly  e l e c t r o n i c s  s p e c i a l i s t s ,  t o  opera te  and maintain t h e  
computers and o t h e r  spec ia l i zed  equipment. The s a t e l l i t e  der ived pos i t i on  
information would be fed  d i r e c t l y  i n t o  t h e  sh ip ' s  computer t o  keep t h e  
v e s s e l  on i t s  pre-set  path.  The Maritime Administration estimates t h a t  
c e l e s t i a l  posi t ion-f ixing involves approximately 380 hours annually pe r  ship.  
(h a U.S. f l a g s h i p  it represents  about $2,800. 
yea r ly  b e n e f i t  t h a t  i d e a l i s t i c a l l y  could be  achieved by 1975 using auto- 
matic s a t e l l i t e  der ived naviaa ion information i s  between $600,000 and 

They have est imated t h a t  t h e  

$1,400,00 f o r  a l l  U.S. ships .  r; 
The supersonic  t r a n s p o r t  and t h e  subsonic jumbo j e t s  w i l l  be able t o  f l y  
at t h e i r  des i r ed  a l t i t u d e  f o r  m a x i m u m  engine e f f i c i e n c y  and f l y  a near  
minimum t i m e  path t o  t h e i r  des t ina t ion  because the separa t ion  s tandards 
w i l l  be reduced due t o  t h e  u t i l i z a t i o n  of s a t e l l i t e  der ived pos i t i on  data. 
These data, der ived independently of  an on board computer, w i l l  provide 
t h e  accuracy, r e l i a b i l i t y  and confidence t o  a i r  t r a f f i c  c o n t r o l l e r s  and 
p i l o t s  t o  permit reduct ion o f  t he  present  widely spaced separa t ion  s tandards 
of 120 n a u t i c a l  m i l e s  l a t e r a l l y ,  20 minute f l  ing t i m e  l ong i tud ina l ly  and 

s tandards  were changed t o  90 nm l a t e r a l l y ,  15 minutes long i tud ina l ly  and 
1000 feet v e r t i c a l l y  t h a t  46.5 mi l l ion  dollars would be  saved annually by 
a i r c r a f t  operat ing i n  t h e  North At lan t ic  region only. 

2000 f e e t  v e r t i c a l l y .  It has been estimated 5 t h a t  i f  the  separa t ion  
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1. 

C 0 ” I i I  CATIGIIS SERVICE 

The communications capab i l i t y  offered by the  s a t e l l i t e  t o  p i l o t s  and 
t r a f f i c  c o n t r o l l e r s  can a l s o  be provided t o  passengers as shown i n  
Figure 4. 
s e r v i c e ,  w i t h  t h e  same degree of c l a r i t y  of fe red  t o  persons on land,  
from a i r c r a f t  o r  sh ips  loca ted  far from shores t o  land. 
can be relayed immediately t o  t h e  man i n  t r a n s i t .  

There should be no technological  problems t o  have telephone 

Business messages 

Although the  i n  t r a n s i t  telephone serv ice  may be a luxury t h a t  only a 
handful may have use f o r ,  en route  r e l ay  of c r a f t  operat ing performance 
t o  a te rmina l  maintenance area o r  t o  performance ana lys i s  s t a t i o n  i s  
under se r ious  consideration. The ro l e  of t he  sa te l l i t e  i s  required f o r  
t h i s  work. 
c r a f t  subsystems while i n  f l i g h t ,  as depicted i n  Figure 5. 
be t h e  engine: where r p m ,  t h r u s t ,  f u e l  flow and s t r u c t u r e  data would be 
re layed;  t h e  wings, t a i l ,  and fuselage : where v ib ra t ion ,  s t r e s s ,  and 
acce le ra t ion  l e v e l s  could be measured; and t h e  p i l o t  himself could be 
instrumented f o r  h e a r t  and blood pressure readings.  These data would be 
obtained pe r iod ica l ly  during a t r i p  (say once every half  hour) ,  and re- 
l ayed  t o  t h e  performance ana lys i s  s t a t i o n  v i a  t h e  s a t e l l i t e .  This  
s t a t i o n  would house l a r g e  computers. I n t o  these  computers would be 
s t o r e d  nominal type performance data of var ious subsystems. The in- 
f l i g h t  da t a  t ransmi t ted  v i a  t h e  s a t e l l i t e  would be compared with t h e  
nominal information. S ign i f i can t  deviat ions from t h e  norm would in- 
d i c a t e  p o t e n t i a l  problems. After review by expe r t s ,  appropriate  ac t ion  
would be taken. 
engine,  o r  change the  p i l o t .  I t  might only mean t h a t  s p e c i f i c  engineers 
o r  technic ians  should be at t h e  terminal t o  diagnose a p o t e n t i a l  t roub le  
spot .  This p o t e n t i a l  use of s a t e l l i t e  technology t o  a id  i n  the  de tec t ion  
of i n - f l i g h t  malfunctions has appl icat ion t o  t he  prevention of m i d  a i r  
d i s a s t e r s ,  and t o  reduce t h e  maintenance down time of many of t h e  air- 
c r a f t ,  through rap id  ana lys i s  of i n - f l i g h t  performance data.  

What i s  envisioned here i s  t h e  monitoring of  s p e c i f i c  air- 
These could 

This might be t o  reduce speed o r  a l t i t u d e ,  f ea the r  an 

TRAFFIC CONTROL 

The combination of pos i t ion  f i x i n g  and communication se rv ices  i n t o  one 
system which can provide world wide, a l l  weather and near  instantaneous 
s e r v i c e  can serve mankind i n  a va r i e ty  of ways. O f  prime import is  air  
t r a f f i c  con t ro l  and maritime coordination. If a i r c r a f t  c o n t r o l l e r s  can 
be provided with per iodic  and accurate pos i t i ons  of all t he  a i r c r a f t  
under t h e i r  a r e a  of con t ro l  then a i r c r a f t  can be spaced c l o s e r  toge ther  
while i n - f l i gh t ,  and t h e  key element of a poss ib le  c o l l i s i o n  avoidance 
system e x i s t s .  Collis5on avoidance by use of a sa te l l i t e  might work 8s 

follows : 
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, 

Every f i v e  minutes f o r  subsonic a i r c r a f t  and one-two minutes f o r  
supersonic  a i r c r a f t  t h e  l a t i t u d e  longitude and a l t i t u d e  would be 
provided t o  a c e n t r a l  s t a t i o n .  The determination of these  t h r e e  
values  would be v i a  sa te l l i t e  and a i r c r a f t  generated s i g n a l s ,  with 
computation performed at a ground s t a t i o n .  These da t a  are placed 
i n t o  our  ground computer and displayed on a board. Each a i r c r a f t  i s  
scheduled t o  be i n  h i s  own predetermined volume of a i r space ,  as arranged 
from a f l i g h t  plan. Should two a i r c r a f t  be found ( v i a  the  satel l i te  
generated pos i t i on  da ta )  t o  be within t h e  same volume of a i r space  t h i s  
would i n d i c a t e  t h a t  one of  t he  c r a f t  i s  off t r a c k  and on a p o t e n t i a l  
c o l l i s i o n  course. Via the  communications channel i n  the  s a t e l l i t e  
t h e  c o n t r o l l e r  can d i r e c t  t h e  a i r c r a f t  back on t h e  co r rec t  course. 

SST RADIATION WARNING 

Concern has been pub l i c ly  voiced of t h e  p o t e n t i a l  hazards of ion iz ing  
s o l a r  r ad ia t ion  t o  t h e  crew and passengers of t h e  supersonic  t r anspor t .  
Resul t  of  bal loon and research a i r c r a f t  tests c l e a r l y  i n d i c a t e  t h a t  
i on iz ing  r ad ia t ion  i s  a cons t i tuent  of  t h e  environment t o  be t r a v e l l e d  
by t h e  SST. It i s  known that  t h i s  r ad ia t ion  l e v e l  can be mul t ip l i ed  
s e v e r a l  t imes soon after a solar storm occurs on the  sun and sends 
streams of high-energy protons i n t o  t h e  area.  Of p a r t i c u l a r  concern 
t o  f requent  SST a i rp l ane  passengers and crew members i s  t h e  in t eg ra t ed  
r a d i a t i o n  dose they  w i l l  receive.  

The Navigation S a t e l l i t e  s u i t a b l y  equipped with s o l a r  cosmic ray  de t ec to r s  
may provide a method t o  warn SSTs of approaching high i n t e n s i t y  r a d i a t i o n ,  
as shown i n  Figure 6 .  The method may operate  i n  such a manner t h a t  an 
r . f .  s i g n a l  i s  s e n t  t o  a l l  a i r c r a f t  wi th in  rece iv ing  range of t h e  s a t e l l i t e  
when t h e  energy of t h e  incoming p a r t i c l e s  a t  t h e  s a t e l l i t e ' s  a l t i t u d e  ex- 
ceeds a c e r t a i n  l eve l .  The SST on rece iv ing  t h e  warning t h a t  t h e  c r i t i c a l  
s o l a r  cosmic ray  l e v e l  has been reached w i l l  decend t o  t h e  40,000 f e e t  
a l t i t u d e  level and avoid t h e  high energy par t ic les ,due  t o  t h e  breaking 
down of  t hese  p a r t i c u l e s  by the  atmosphere. 
at t h e  safe a l t i t u d e  u n t i l  t h e  air  a t  normal opera t ing  he ights  i s  down 
t o  safe r a d i a t i o n  l eve l s .  

The journey w i l l  be continued 

SEARCH AND RESCUE AIDS 

The inadequacies of our present  search and rescue systems a r e  h ighl ighted  
during emergencies o r  disasters, when sh ips ,  a i r c r a f t  and explorers  o r  
explora t ion  p a r t i e s  a r e  i n  t roub le  o r  l o s t .  
d iscovering t h a t  an emergency e x i s t s  i n  f ind ing  the  v e s s e l  o r  i t s  surv ivors  
and i n  determining whiohcraft  is neares t  t h e  d isab led  c r a f t  o r  par ty .  
agencies  respons ib le  f o r  t he  coordination of search and rescue a c t i v i t i e s  
(The U.S. Coast Guard and t h e  Defense Department i n  t h e  U.S. f o r  
ocean disasters) need more accurate and t imely information of  t he  where- 
abouts of  t he  d i s a s t e r  f o r  more e f f i c i e n t  u t i l i z a t i o n  of t h e  personnel and 
c r a f t  providing t h e  search and rescue ass i s tance .  

Too much time is  spent ,  a f t e r  

The 

5 



A Navigation S a t e l l i t e  system shown i n  Figure 7, could provide pre- 
c i s e  pos i t ion  locat ion information of t h e  distressed c r a f t  t o  a 
c e n t r a l  search and rescue s t a t ion .  This s t a t i o n  would a l s o  have 
knowledge of where the  nearest  c r a f t  i s  i n  t h e  area, f o r  quickest  
rescue. If, f o r  some reason, a c r a f t  o r  explorat ion par ty ' s  pos i t ion ,  
has not been reported by the satell i te the  ground rescue s t a t i o n  would 
become aware of a p o t e n t i a l  problem. 
would be known, mater ia l ly  reducing t h e  a rea  t h a t  would have t o  be 
searched i n  order t o  determine what happened t o  h a l t  communications. 
On t he  average, two extensive a i r  and sea searches f o r  downed a i r c ra f t  
o r  overdue ships  are made year ly ,  cost ing about a half-mill ion do l l a r s  
each . 

The las t  pos i t ion  of the object  

WEATHER ROUTING 

I n t r a  and in t e rcon t inen ta l  t r a v e l l e r s  using a i r c r a f t  and sh ips  have 
pe r iod ica l ly  encountered unpleasantness during the  t r i p s  due t o  turbulen t  
regions i n  the  air and on t h e  sea. 
observable from Meteorological s a t e l l i t e s .  They are found only by those 
en te r ing  the region of a c t i v i t y  and the passengers s u f f e r  temporarily. 
Of even g rea t e r  concern is  t h e  po ten t i a l  damage t o  the  s i r c r a f t  o r  sh ip  
s t r u c t u r e  due t o  t he  violence of  some storms. Normally t h e  c ra f t  must 
reduce speed i n  order  t o  a l l e v i a t e  poss ib le  damage; thereby increasing 
t r a v e l  t i m e  and cost .  

Many of these  storm regions are not  

A use of the Navigation Satellite would be t o  receive the enroute 
meteorological and oceanographic data from t h e  c r a f t  on a per iodic  and 
semi automatic basis, shown i n  Figure 8. 
t h e  a i r c r a f t  would t ransmit  s ign i f i can t  weather data t o  the  t r a f f i c  
con t ro l l e r s .  If these  data indicate  turbulen t  regions of a i r  a t  t h e  
l a t i t u d e ,  longi tude,  and a l t i t u d e  of t r a v e l ,  d i r ec t ions  t o  avoid t h i s  
region can be sent  t o  the  o the r  c r a f t  which w i l l  f l y  i n  the  region. 
Regions of favorable a i r  streams and ocean cur ren ts  found during flights 
w i l l  be used t o  a id  others  so as t o  have the  most favorable journey f o r  
t h e  t r a v e l l e r s  and t h e  operat ing companies . 

For example, sensors on board 

METEOROLOGY AND OCEANOGRAPHY 

The needs f o r  a reliable method of pos i t ion  determination and communi- 
ca t ions  on a l a r g e  area sca l e  are not l imited t o  sh ips ,  a i r c r a f t ,  ex- 
p lora t ion  p a r t i e s  o r  o ther  manned vehicles.  
ing manned o r  automated platforms, such as balloons and buoys ,could also 
b e n e f i t  from t h e  Navigation S a t e l l i t e .  

S c i e n t i f i c  research u t i l i z -  

Meteorologist p resent ly  have no d i r ec t  method of determining wind speed 
and wind d i r ec t ion  at various a l t i t u d e  leve ls .  These data, along with 
t h e  corresponding temperature, pressure and humidity readings,  w i l l  pro- 
vide the meteorologists with the amount and type of data necessary t o  
allow accurate  fo recas t s  weeks i n  advance vs t h e  f e w  days now. The 
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Navigation S a t e l l i t e  can provide t h e  locat ion of balloons designed t o  
f l y  a t  constant pressure a l t i t u d e s .  ?tro posi t ion f i x e s  spaced a t  a 
known t i m e  i n t e r v a l  w i l l  provide a good ind ica t ion  of t h e  speed and 
d i r e c t i o n  of t he  wind which caused the balloon t o  t r a v e l .  
da t a  communications l i n k  t h e  balloon's temperature, pressure and humidity 
sensors can t ransmit  t h e i r  readings t o  t h e  s a t e l l i t e  a t  t h e  t i m e  t h e  
p o s i t i o n  readings are taken f o r  r e l ay  t o  the  ground s t a t i o n s  f o r  process- 
ing. 

V i a  a d i g i t a l  

In  a similar manner, oceanographers can equip f r e e  f loat ing,  ocean buoys 
with t h e  needed e l e c t r o n i c s  so t h a t  it can be in t e r roga ted  by t h e  Navi- 
gat ion S a t e l l i t e  and i t s  loca t ion  determined pe r iod ica l ly .  
readings can provide da t a  on ocean current veloci ty .  
can provide wave he igh t ,  water tenperature and s a l i n i t y .  
of t h i s  technique f o r  tsunami warning i s  apparent. The oceanographic d a t a  
obtained may provide fo recas t s  of ocean storm regions which can a i d  i n  
rout ing our merchant sh ips  t o  t h e  smoothest and quickest  path. 

These pos i t i on  
Sensors i n  t h e  buoy 

The p o t e n t i a l  

ICEBERG WARNING 

A t  present  t h e  U.S. Coast Guard spends l a r g e  sums of money, t i m e  and man- 
power t o  i d e n t i f y  and p l o t  t h e  movement of icebergs.  
c r a f t  t o  mark t h e  bergs with chloride-rhodamine dye bombs and then observe 
t h e i r  d r i f t  rate i n t o  t h e  shipping lanes of t h e  North Atlant ic .  These air- 
c r a f t ,  it i s  reported,  f l y  d a i l y  missions of more than 33,000 square miles 
of t h e  Iiorth Atlant ic .  
ing  t h e  loca t ion  o f  t hese  icebergs,  and p e r i o d i c a l l y  cha r t  t h e i r  movements 
automatically and a t  a cos t  s i g n i f i c a n t l y  lower than t h a t  being performed 
at  p re sen t ,  as depicted i n  Figure 9. What i s  required i s  t h e  placement of 
a transponder on t h e  berg i n  such a place t h a t  it i s  maintained i n  workable 
condition f o r  a long per iod of t i m e .  Fortunately l a r g e  icebergs character-  
i s t i c a l l y  m e l t  from t h e  bottom s o  t h a t  t h e  operat ion may be poss ib l e  using 
he l i cap te r s .  

They u t i l i z e  air- 

The Navigation S a t e l l i t e  should be capable of provid- 

ANIMAL MIGRATION 

A s e c t i o n  of ou r  b i o l o g i c a l  s c i e n t i f i c  community has expressed a need f o r  
new methods by which they can study t h e  migratory h a b i t s  o f  a v a r i e t y  of 
marine, land and sea l i f e .  Figure 10 i n d i c a t e s  t hese  animals. What they 
need i s  a technique which can provide them t h e  loca t ion  of t h e  a n i m a l  
under inves t iga t ion  a s u f f i c i e n t  number of t i m e s  during a day s o  t h a t  they 
can c h a r t  i t s  movements. Many s c i e n t i s t s  need d a t a  f o r  a year  i n  order  t o  
obtain seasonal  v a r i a t i o n s ;  others  have d a t a  needs f o r  a f e w  weeks. In  
addi t ion t o  loca t ion  t h e  s c i e n t i s t s  des i re  t o  obtain p a r t i c u l a r  physiological  
d a t a  on t h e  animal a t  t h e  time h i s  posi t ion i s  determined. The function of 
t h e  Navigation S a t e l l i t e  would be t o  provide t h e  p o s i t i o n  of t h e  animals 
under inves t iga t ion  and receive t h e  d i g i t a l  da t a  from t h e  sensors.  Miniatur- 
i z e d  e l e c t r o n i c s  and power equipment embedded wi th in  t h e  a n i m a l  o r  a t tached 
around t h e  neck o r  body are required. We w i l l  not  be able t o  assist b i o l o g i s t  
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having i n t e r e s t s  i n  a l l  types of migratory a n i m a l s .  
expert  w i l l  have t o  obtain t h e  locat ion of h i s  b i r d  v i a  other  than 
space technology. 
e lephant ,  whooping crane and t u r t l e  may w e l l  be ab le  t o  be o u t f i t t e d  with 
t h e  appropriate e l ec t ron ic s ,  power supply and antenna t o  operate with 
satel l i tes .  Use of t h i s  concept f o r  t racking may prove t h e  means f o r  
de t ec t ing  l a rge  herds of animals, and serve t o  a i d  t h e  people who hunt 
them f o r  food and skins.  

The hummingbird 

But la rge  animals such as t h e  p o l a r  bear ,  brown bear ,  

CONCLUDING OBSERVATIONS 

I n  t h i s  s h o r t  paper I have attempted t o  p red ic t  t h e  p o t e n t i a l  p r a c t i c a l  
app l i ca t ions  of a s a t e l l i t e  system which combines a posi t ion f i x i n g  capa- 
b i l i t y ,  a da t a  and voice t r a n s f e r  a b i l i t y  and science equipment. 
has i n  i t s  program plans t o  develop the technological  needs i n  t h i s  area. 
I be l i eve  t h e  space technology w i l l  be on hand when t h e  decision i s  made t o  
implement such a s a t e l l i t e  system. The use of t h i s  technology by those 
government and c i v i l i a n  organizations who can bene f i t  from it i s  not y e t  
c l ea r .  
i ng  t h e  fruits of research and technology. It would b e  a na t iona l  dis-  
grace i f  a catastrophic  accident occurred i n  t h e  a i r  o r  on t h e  sea which 
might have been averted had one taken advantage of our new space technology 
and know-how. 

NASA 

There are many groups who are followers and not  leaders  of apply- 

O f  equal  importance t o  t h e  technological innovations which Navigation 
S a t e l l i t e s  may provide t o  us ,  is t h e  p o s s i b i l i t y  t h a t  t h i s  s a t e l l i t e  w i l l  
usher i n  a t r u e  and workable means f o r  i n t e r n a t i o n a l  space cooperation i n  
t h e  app l i ca t ions  area. The s a t e l l i t e  can serve a l l  t h e  nations of t h e  
world who have a i r l i n e s  and ships.  It can prevent accidents t o  t h e i r  
c r a f t ,  and a i d  i n  saving l i v e s  of a l l p e o p l e s .  

The United Nations has r ea l i zed  the  p o t e n t i a l  i n t e r n a t i o n a l  b e n e f i t s  of 
a Navigation S a t e l l i t e .  In  October 1965 t h e  U"s Committee on t h e  Peaceful 
Uses of Outer Space passed a resolution not ing t h a t  t h e r e  now ex i s t s  t h e  
p o s s i b i l i t y  of development of new communication techniques f o r  radio navi- 
gat ion and t ra f f ic  con t ro l ,  both a t  sea and i n  t h e  air. The Committee in- 
v i t e d  i t s  S c i e n t i f i c  and Technical Subcommittee t o  study and submit a 
report  on t h e  p o s s i b i l i t y  of e s t ab l i sh ing  a c i v i l  world wide navigation 
sa te l l i t e  on a non-discriminatory bas is .  Through the  UN t h e  Navigation 
S a t e l l i t e  may be t h e  bridge t o  in t e rna t iona l  understanding. and iden t i f i ca -  
t i o n  of mutual i n t e r e s t s .  

Our technological  developments are rapid. The se rv ices  which I have out- 
l i n e d  as "The Future Po ten t i a l s  of Havigation S a t e l l i t e s "  are j u s t  around 
t h e  corner. 
velopment e f f o r t s .  There are many policy decis ions and determinations which 
must be made p r i o r  t o  t h e  launch of a Navigation S a t e l l i t e .  NASA, I have 
every hope, w i l l  some day demonstrate t he  c a p a b i l i t i e s  of space technology 

They c d  be achieved with j u s t  a b i t  more research and de- 
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t o  achieve what I have described today. 
c i v i l i a n  user  organizat ions w i l l  be as quick t o  take advantage of t h e  
b e n e f i t s  of Navigation S a t e l l i t e s  as the  m i l i t a r y  has done. The Navy's 
Navigation S a t e l l i t e  i s  successful ly  guiding our submarines s a f e l y  around 
t h e  world. The Navigation S a t e l l i t e  of  the  fu tu re  can provide safe 
t r a v e l  f o r  our c i v i l i a n  t r a v e l l e r s  anywhere on our globe. 

It is  my fond hope t h a t  the  
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FIGURES 

1 - U.S. Navy Navigation Sate l l i tes  

2 - ATS - D6E 

3 = Single Geostationary Navigation Sate l l i te  Coverage 

4 - Aircraft to Shore Passenger Telephone Service 

5 - Aircraft Flight Subsystem Performance 

6 - Supersonic Transport Radiation Warning 

7 - Search and Rescue Aids 

8 - Enroute Environmental Information 

9 - Iceberg Warning 

10 - Tracking of Land and Sea M d s  
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